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Abstract  Primary production, bacterial production, par-
ticulate organic carbon fluxes and organic carbon burial 
rates were quantified during the summer period of 1999 in 











Pbex dating, respectively. The integrated 
primary production in the water column was as high as 197 
mmolC/(m
2
d) in the Chukchi shelf and was 3.8 
mmolC/(m
2
d) in the Canada Basin. These rates are higher 
than those reported previously. The ratios of bacterial pro-
duction to primary production in the study region were 
higher than 0.5, indicating that microbial activity is not de-





equilibria were evident at the station in the Canada Basin. 
The presence of significant 
234
Th deficiency suggested that 
scavenging and removal processes are also important to bio-
geochemical cycles of trace elements in the Arctic Ocean. 
Particulate organic carbon export flux was estimated to be 
1.0 mmolC/(m
2
d). Measurements of sediment excess 
210
Pb 
profile in the Chukchi shelf allowed us to estimate the 
amount of organic carbon buried in the bottom sediment, 
which ranged from 25 to 35 mmolC/(m
2
d) and represented 
about 59% 82% of the mean primary production in the 
euphotic zone. Overall, our results indicated that the Arctic 
Ocean has active carbon cycling and is not a biological desert 
as previously believed. Therefore, the Arctic Ocean may play 
an important role in the global carbon cycle and climate 
change.
Keywords: Arctic Ocean, primary production, bacterial production, 
POC export flux, organic carbon burial rate, isotopic tracer. 
 Since English’s
[1]
 pioneering work on biological 
productivity in the Arctic Ocean, a traditional view that 
the Arctic Ocean is the most oligotrophic region of the 
ocean has been accepted. The prolonged ice cover, low 
temperature and short growing season were thought to 
severely limit biological production, although the paucity 
of data was often noted. An implication is that the bio-
geochemical processes in the Arctic Ocean, such as the 
particle export and nutrient cycles, are inactive
[2,3]
. Con-
sidering that the vast region of the Arctic Ocean may act 
as an important sink for carbon
[4,5]
 and its role in ocean 
circulation and global climate change, it is indispensable 
to assess the efficiency of the biological pump in the Arc-
tic Ocean. Nevertheless, the quantitative importance of 
biological production, organic carbon export fluxes and 
POM recycle in the Arctic Ocean are still poorly under-
stood. 
 From 1 July to 9 September 1999, China conducted 
an interdisciplinary expedition to increase the observa-
tional base necessary for understanding the role of the 
Arctic in global change. In this note, we present new 
measurements of primary production and bacterial pro-
duction, together with particulate organic carbon export 





U disequilibria and 
210
Pbex dating, respec-
tively, to examine the efficiency of biological pump in the 
Arctic Ocean and its important role in the global carbon 
cycle and climate change in the time scale of human con-
cern.
1  Methods 
 Field observations were made aboard the R/V “Xue-
long” from July to September 1999. The general sampling 
area and the locations occupied for measurements of pri-







Pb in sediments are shown in fig. 1. Among 
the 10 stations occupied for primary production measure-
ments, water samples were collected from 4 optical depths 
(corresponding to 100%, 50%, 10% and 1% of the surface 
illumination, respectively, determined with a Secchi disc) 
at 5 stations. Only surface waters were collected at other 
stations. The integrated primary production at surface wa-
ter stations was estimated from the relationship between 
the surface primary production and the integrated primary 
production obtained from vertical profiles. Daily photo-
synthesis rates were estimated from hourly rates and the 
coefficient Kh provided by Sorokin
[6]
. Seawater for bacte-
rial production measurement was collected from 3 optical 
depths (corresponding to 100%, 50% and 1% of the sur-
face illumination, respectively) at two stations, one in the 
Chukchi shelf (C8), and the other in the Canada Basin 
(C34). Integrated primary production and bacterial pro-
duction from the surface to the 1% light level were calcu-
lated by trapezoidal integration. 




U disequilibrium study 
were collected at a station in the Canada Basin (station 
C34) (fig. 1). Large volumes of seawater were collected 
from 7 depths (1, 10, 25, 50, 75, 100, and 200 m) for 
measurements of dissolved and particulate 
234
Th, and par-
ticulate organic carbon (POC). 
238
U activities were calcu-
lated from measured salinity using the relationship, 
238
U = 
0.07081  S, given by Chen et al.
[7]
.
 Sediment core samples used for determination of 
210





and organic carbon burial rates were collected using a 
box-core sampler (model QNC-2-2) at station C8 in the 
western Chukchi shelf, with a depth of 60 m. Sub-cores 
were then taken by inserting a PVC tube (  4 cm) into the
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1) A. R. represents activity rario.
higher than those in the Canada basin. Actually, daily 
primary production in the Chukchi shelf is higher than 
that in most sea areas in the world, and is comparable to 
those in coastal seas in lower latitudes.  
 Note that we did not measure the ice algal produc-
tion in this study, which may contribute 1% 180% of the 
primary production
[11,14]
. Therefore, our results are the low 
estimate, and the total primary production may be higher 
than the values reported here. Regardless, recent produc-
tivity estimates are higher than those previously reported, 




 ( ) Bacterial production.  Value of integrated 
bacterial production was 5.7 mmolC/(m
2
d) at station C8 
and 2.0 mmolC/(m
2
d) at station C34, respectively. The 
microbial respiratory shows similar regional difference as 
primary production, i.e., bacterial production in the 
Chukchi shelf was higher than that in the Canada basin. 
These rates are similar to rates reported by Wheeler et 
al.
[11]
 and Cota et al.
[10]
, but lower than the values of 25
37.5 mmolC/(m
2
d) in the Bering Sea and the Chukchi 
Sea reported by Steward et al.
[15]
.
 The ratios of bacterial production to primary produc-
tion at both stations were 0.63 (station C8) and 0.52 (sta-
tion C34). igh ratios of bacterial production to primary 
production indicate that bacterial activity is very active in 
the cold Arctic waters, and heterotrophic microbial activ-





U disequilibrium and its implication for 
particle dynamics  




UA.R.  The vertical distribu-






 shows a typical open 
ocean characteristic, with a significant 
234
Th deficit rela-
tive to its parent nuclide, 
238
U, in the euphotic zone and 
reaching a secular equilibrium below the euphotic zone 
(fig. 2). The presence of 
234
Th deficiency in the study area 
indicates that particle production and thus the scavenging 
and removal of trace elements are highly dynamic in the 
Arctic Ocean.  In contrast to our measurements, Bacon et 
al.
[3]
 assumed that total 
234
Th was in secular equilibrium 
with 
238
U in the water column over the Alpha Ridge, and 
concluded that particle dynamics in the Arctic Ocean is 
not intensive. 
 (2) Residence time of dissolved and particulate 
234
Th. 
 The residence times of dissolved and particulate 
234
Th can be calculated using an irreversible steady-state  
scavenging model
[16]
. Considering the upper 100 m water  
column in the euphotic zone (0 100 m), the mean resi- 
dence time of dissolved ( d) and particulate 
234
Th ( p) with 
respect to scavenging and particle sinking were 99 d and 
30 d, respectively. It is important to notice that the resi- 
dence time of particulate 
234
Th is short in the study area. 
By comparison, Bacon et al.
[3]
 assumed that 
234
Th could 
be in equilibrium with 
238
U in the water column, and thus 
the residence time of particulate 
234
Th should be higher 
than 150 d. The short residence time in our study area sug-
gested that at least in summer season, particle export oc-
curs on a time-scale of days to months in the Canada Ba-
sin.




UA.R. at station C34 in the Canada Basin. 
Table 3  Residence time of dissolved and particulate 
234


















C34 0 100 99  6 30  4 823.5 95.4 1.2 0.1 1.0 0.1 
 (3) POC export fluxes.  Based on the 
234
Th scav-
enging model, one can obtain the particulate 
234
Th export 
flux at a specific depth. The export flux of POC can be 
calculated from particulate 
234
Th export flux and the ratio 




Th) at a certain 
depth
[16,17]
. POC export flux from the euphotic zone in the 
Canada Basin was (1.0 0.1) mmolC/(m
2
d) (table 3), 
which is similar to the values in the central Arctic 
Ocean
[18]
 and the Beaufort Sea
[19]
. In general, POC export 
fluxes in the Arctic Ocean were lower than those in lower 
latitudes
[20]
, but higher than the fluxes recorded by sedi-
ment trap deployed in the East reenland Sea, Fram Strait 





 ( ) Organic carbon burial rates. Organic carbon 
burial rates were estimated from sediment mass accumu-
lation rates and organic carbon concentrations.  In this
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. Organic matter burial 
rate at station C8 in the Chukchi shelf was 75.4 g/(m
2
a). 
Assuming that the mass ratio of organic matter to organic 
carbon is 2
[22]
, an organic carbon burial rate of 37.7 
gC/(m
2
a) can be calculated. If the study area is covered 
by ice for 8 9 months, one can reasonably assume that 
organic carbon burial rates during the ice-covered period 
are negligible, then a value of 25 35 mmolC/(m
2
d) can 
be obtained for the ice-free season in the Chukchi shelf. 
For comparison, the mean primary production in summer 
in the Chukchi shelf was 42.5 mmolC/(m
2
d) (see sub-
section ( )). In other words, 59% 82% of the organic 
carbon synthesized by phytoplankton in the water column 
were exported, and then buried in the sediments. Our re-
sults suggest that the Chukchi shelf acts as an important 
sink for carbon. 
3  Summary 





U disequilibrium and or-
ganic carbon burial rate, the Arctic Ocean is quite active 
in biological production and carbon cycling. Our results 
show that at least in summer season, the Arctic Ocean has 
relatively intense biological activity, not only on the con-
tinental shelves but also in the deep basin. Correspond-
ingly, scavenging, removal and burial fluxes of organic 
matter and associated elements are also higher than pre-
viously thought. Although the particle dynamics in the 
Arctic Ocean may be less intensive than in oligotrophic 
systems in lower latitudes, it is not a biological desert and 
has a relatively active carbon cycling. Further studies are 
needed for better understanding the role of the Arctic 
Ocean in the global carbon cycle and climate change. 
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